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varies with the concentration of the solvents employed, the proportions of solvent t o material extracted, and possibly other physico-chemical .factors, the determination of ammonia nitrogen in hydrolyzed flour, flour extracts, and gluten should form a basis for a more exact knowledge of the proportions in which the various proteins occur in flours. Such methods are obviously unadapted to ordinary analytical use, but afford the best possible method of exact study and careful investigational work. For example, in Table I1 ( 3 ) , the per cent of ammonia nitrogen yielded on hydrolysis of the extract with I per cent salt solution indicates clearly that protein other than albumin and globulin was extracted, since, as already pointed out, t h e per cent of ammonia nitrogen yielded by pure albumin and globulin should be lower. It is suggested also t h a t t o ascertain how much albumin and globulin are extracted by alcohol of any given percentage it should suffice t o hydrolyze the alcoholic extract and determine the percentage of ammonia nitrogen in a similar manner.
Since this article has been in press, t h e results of a study of t h e purity of proteins extracted from flour by various solvents, using methods here indicated, have been published by Bailey and Blish. ' I n order t o substantiate the evidence t h a t there is a relation between the ammonia nitrogen yielded on hydrolysis of flour, and the total quantity of soluble proteins in the flours in question, the latter were extracted with t a p water (since it was thought desirable t o use the same solvent as was used in washing out the glutens) and t h e percentage of "soluble nitrogen" in the total nitrogen of the flour estimated in the extract. Although protein material other than globulin and albumin is extracted in this process, t h e results should be comparative, and in the order as indicated above, t h a t is t o say, the previously indicated relationship between ammonia nitrogen of the hydrolyzed entire flour and the soluble nitrogen should be apparent. T h a t this is true is indicated by the results obtained, as shown in Table IV . Inspection of Table IV shows t h a t , with the single exception of B441, as the percentage of ammonia nitrogen increases, t h e percentage of soluble nitrogen decreases, as was expected from the theoretical considerations already discussed. [Since this went to press, t h e attention of the writer was called t o a study of some of the physical constants of gliadin from flours of varying strengths, by Gr6h and Friedl,' in which they conclude t h a t proteins of different flours have the same constitution.] 11-The ratio of gliadin t o glutenin is much more nearly constant in flours of different baking qualities t h a n has heretofore been supposed.
111-There is a far greater variation in the percentages of the so-called "soluble proteins" (albumin and globulin) in flours.
IV-Since the various proteins in the same flour differ widely in their content of ammonia nitrogen, the determination of ammonia nitrogen in flours, in extracts of flours made with various solvents, and in the crude gluten of flours, after their previous complete hydrolysis with strong mineral acid, can be made t o serve as a n accurate indication of the amounts of the various proteins present, since the proteins of widely different flours have been shown t o have the same chemical constitution.
I n the course of a search for new and improved methods of detecting adulteration in maple syrup, the author and his associates have made a number of miscellaneous observations which may be suggestive or otherwise useful to other investigators in this line.
It is well known t h a t lead subacetate produces a heavy precipitate in maple syrup and the normal acetate one not so heavy. I n the "malic acid value" determination, alcohol and calcium chloride are employed together as precipitants. I t appeared to the author not improbable t h a t a systematic search would reveal other precipitating reagents whose behavior might prove equally useful in the examination of maple products. Mr. J. M. Scott made some desultory experiments in this direction and has recorded in his notes "indifferent" results with ether, zinc acetate, uranium acetate, cadmium chloride, bismuth nitrate, copper nitrate and cupric chloride. Mercuric acetate gave a flocculent precipitate which settled on standing and was light yellow in color. Silver nitrate in 50 per cent solution gave a white precipitate which darkened on standing. The author has also observed t h a t barium salts give no precipitate in maple syrup although they do so in solutions of the I-EFFECTS O F SOME REAGENTS 
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ash. Alcohol by itself gives a precipitate containing calcium, potassium and organic matter. By far t h e greater part of the total calcium and of the total potassium of t h e syrup are precipitated b y the addition of a suitable quantity of alcohol. It was Mr. Scott's intention t o investigate this alcohol precipitate further, but his removal t o another position prevented his returning t o the point.
11-EXPERINENTS W I T H SILVER NITRATE
Silver nitrate having been found t o give a decided precipitate in maple syrup and none in a syrup made from white sugar, it was thought t h a t a "silver number" might be determined by a method analogous t o t h e Winton method with lead subacetate. Mr. Scott made a number of experiments towards this end. The idea was t o add an excess of a standard solution of silver nitrate, filter off t h e precipitate, determine t h e residual silver volumetrically, and calculate from t h e results a "silver number" representing the quantity of silver precipitated by I O O grams of the syrup (or, alternatively, b y I O O grams of the dry matter of the syrup). It was found, however, t h a t t h e longer the solution containing the excess of silver was allowed to stand (and standing appeared t o be necessary t o allow the precipitate to collect) the lower was the quantity of residual silver. I n other words, precipitation of silver continued during a period of several hours. For example, in one series of experiments 50 cc. N / r o silver nitrate were added t o 25 cc. syrup and the mixture made up t o roo cc. Filtered 2 0 cc. aliquots, taken, respectively, after I , 2, 4 and 6 hours, required t h e following quantities of N/IO sodium chloride t o precipitate the residual silver: 8.00 cc.. 7.55 cc., 7.40 cc. and 7.20 cc.
I t is conceivable t h a t a method using silver nitrate might be worked out, but obviously this circumstance of a slow reaction in the solution resulting in the precipitation of silver would have t o be taken into account. The slow reaction would appear t o be worthy of study also for its theoretical interest. Has it any connection with t h e darkening of t h e precipitate? Is it a reduction? What constituent of maple syrup is it which reacts thus with silver nitrate? Some experiments with a N / j o silver nitrate solution, made by Mr. Tu'. C. MacFarlane, are reported in Sections V and VI below.
111-A LEAD SUBACETATE METHOD BASED O N T H E W I X T O N AKD CANADIAN METHODS
I n Paper I1 of this series' reference was made t o some experiments in which a n endeavor was made t o combine the advantages of the Canadian and the Winton methods of detecting adulteration of maple syrup b y t h e use of lead subacetate. For. comparison with t h e Canadian and Winton methods this proposed lead number was determined upon twenty of the syrups whose analysis was reported in Paper II12--viz., ten of those which gave high, and ten of those which gave low, Canadian and "modified" Winton lead value^.^ The values obtained by the projected method were in all instances lower than those given by the modified Winton method. The ranges of variation of the three lead numbers in these twenty syrups, expressed in percentage of the minimum, were found t o be: Inasmuch as the lead number determined by the original Winton method (using 25 grams syrup and not reducing t o t h e dry basis) has a narrower general range of variation than the value obtained by reducing the results t o the dry matter basis,4 it appeared not improbable that if the comparison were made between the true Winton and the proposed method, the advantage in favor of the former would be more considerable than that in favor of the modified Winton number. Determination of the true Winton number upon nine of the twenty syrups corroborated this conjecture, the ranges of the values among these nine syrups being as follows: The author desires to reiterate his opinion t h a t the original Winton metbod, without reduction to the dry basis, is better than any of the modifications of it which have been proposed. Comparison with a blank is, however, essential, and the suggestion is here repeated t h a t a syrup made from (commercial) pure cane sugar be employed in the blank determination.
matter, respectively, as prescribed in the Canadian pure food standards.
See Paper 11, LOC. cit., p. 997.
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lead value the advantage of falling off rapidly when the maple syrup is adulterated with a sucrose syrup of the same density; it might be worth recommending in spite of its apparent inferiority t o the true Vinton lead number in the matter of range of variation. The diminution of the new lead value was compared with t h a t of the Canadian and true TTinton values in three syrups, determinations of all three lead numbers being made on the pure syrups and on mixtures of each with sucrose syrup in such proportions as to give syrups containing 90, 80. 70: jo and 30 per cent of maple syrup. I n the first of the three syrups there was little choice among the three methods except in the mixture containing only 3 0 per cent of maple. For this mixture the Canadian lead value mas only 18.7 per cent, the K i n t o n value was 2 2 . 1 , and the proposed lead number 33.3 per cent of the corresponding values for the pure maple syrup. I n other words, the proposed lead method showed itself inferior t o either of the old methods. I n the other two syrups the proposed method showed a distinct advantage over the T i n t o n method and for some of the mixtures appeared t o be even slightly better than the Canadian method.
On the whole this projected lead value had compared sufficiently favorably with the established methods t o justify further investigation, had we not hit upon another lead subacetate method which appears much superior to any hitherto proposed and which will form the subject of the next paper of this series. The results indicate a fairly definite composition in the precipitate. the variation in lead content being just over 3 per cent of the total weight. There appears t o be no definite relation between the quantities of precipitate yielded by the syrup (Canadian lead numbers) and the composition of the precipitates. I n vie117 of the fact t h a t this precipitate has sometimes been erroneously assumed to consist of normal lead malate, it is m-orth noting t h a t the latter salt in the anhydrous conditioz contains only 6 1 . 0 0 per cent of
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ITol. 8. KO. 2 lead. I t is possible t h a t a basic malate' may be the essential, or at all events an important, constituent of the precipitate. but evidence to t h a t effect has not yet been adduced. I t is our intention t o make a study of the organic non-sugar constituents of maple syrup which will embrace a more complete analysis of the lead precipitate as well as of the other precipitates obtainable from maple syrup and not from syrups made from pure sucrose.
VI-ATTEJIPTS T O D E T E R h I I K E I K O R G A N I C C O X S T I T U E S T S V 0 LU 31 E T R I C A L L Y
If among the non-sugar constituents of maple syrup one could be found showing a reasonable degree of constancy in all genuine syrups, a coni-enient method of determining that constituent would obviously constitute a useful method of detecting adulteration.' I t appeared a possibility t h a t among the inorganic constituents one might be found answering the requirements.
The recorded analyses of the ash of maple syrup and sugar are comparatively few and the only complete analyses known t o the writer are those of Hortvet,3 embracing only two sugars and two syrups. made complete analyses of the soluble and insoluble portions of the ash of a syrup compounded of about sixty genuine Canadian syrups. This analysis will probably be published in a future paper of this series dealing with the ash. From its data and the ratio of the soluble t o the insoluble ash in the same composite syrup (which ratio happens t o be unity) the composition of the total ash can be calculated.
I I t will be noted t h a t the quantity of phosphoric acid found is only one-seventh of the minimum percentage hitherto reported, thus extending the range of variation for this constituent. I t is clear, then, t h a t none of the four ash constituents which have been extensively studied is suitable 1 Otto's basic lead malate (Liebig's Ann., 117, 177) contained i 3 . 8 per cent of lead, while the salt he obtained b y adding the neutralized or nearly neutralized acid to a boiling excess of lead acetate solution contained 7 5 . 8 3 per cent of lead in its anhydrous condition, which i,5 equivalent t o 7 3 . 5 per cent in the monohydrate, which Otto found t o be stable a t 100° C.
2 According t o Hortvet, the protein (N X 6 . 2 5 ) content is fairly constant and has sume value in this direction. So far as the writer is aware, but little attention has been paid t o this suggestion of Hortvet's.
3 Hortvet, J . Am. Chem. SOL., 26 (1904 
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for our purpose. Magnesia shows less variability (2.34 t o 4.6 j ) in the five instances in which it has been determined, but no easy method of determining it in presence of the other constituents of the syrup suggests itself.
.
The fact t h a t Hortvet found extremely small quantities of chlorine in the ashes he analyzed suggested t h a t a chlorine determination might be useful, particularly in case raw cane sugar or refined molasses were employed in adu1terating.l h4r. Scott's results, however, showing a very material chlorine content in a composite of so many samples, rather discouraged our hopes as t o chlorine. Nevertheless, some experiments in titrating t h e diluted syrups with N / j o silver nitrate were made by Mr. S . C. MacFarlane. Quantities of syrup containing I O grams of solid matter were treated with zoo cc. water, IO cc. lead subacetate solution (sp. gr. 1 . 2 j ) and I O cc. saturated potassium chromate, the assumption being t h a t the lead would precipitate the organic matter precipitable by silver and at the same time decolorize t h e liquid, thus enabling the potassium chromate left in solution t o act as a n indicator in the titration for chlorine. The precipitate was washed with hot water and the filtrate (including washings) titrated with N / j O silver nitrate. Xine genuine syrups took from 0.82 t o 4.60 cc. of the silver nitrate. The same method, applied t o 3 samples of raw cane sugar, gave 4.32, 5.14 and 9.08 as the number of cc. of silver nitrate required €or I O grams dry matter.
A sample of beet sugar crystals gave 1.94 and a sample of cane molasses 51.99. The method, accordingly, offers little advantage except in the case of adulteration with molasses.
Experiments were also made in which the syrups were treated with alumina cream instead of lead subacetate. Syrup containing I O g. solid matter was treated with zoo cc. water and I O cc. alumina cream. The precipitate was washed with cold water and the filtrate and washings titrated with iV/ jo silver nitrate, using potassium chromate as indicator. The same nine pure syrups as before took 1.01 t o 6.40 cc. of t h e silver nitrate solution. I n 1 2 other genuine maple syrups results were obtained ranging from 2.80 to 8.38. The raw cane sugars took 9.85, 3.64 and 7 . 5 2 cc. respectively, the beet sugar 2.23 and the molasses j 7 . 0 0 . The results by the two methods did not run parallel. I n general, more silver nitrate was required after the alumina cream t h a n after the lead subacetate treatment, but there were exceptions t o this rule.
I n view of the probability t h a t the phosphorus in maple syrup is largely in organic combination, it was thought t h a t in spite of the wide variability of the phosphoric acid content of the ash, the amount of phosphorus in the syrup itself precipitable by uranyl acetate might prove to be reasonably constant. Mr. MacFarlane made some titrations which appeared to indicate a fair degree of constancy in this value in the same nine syrups as were used in his experiments with silver nitrate. The results obtained with t h e raw sugars, however, were very similar t o those with the maple syrups, I t is doubtful whether the method employed-titration of 20 cc. syrup with a uranyl acetate solution of which I cc. is equivalent t o 5 mg. of P206-was suitable for the measurement of such small quantities of phosphoric acid and it is possible t h a t further investigation along this line might be useful.
VII-ELECTROTITRAMETRIC E X P E R I M E N T S
The interesting paper of'F. H. Hesselink van Suchtelen and Arao Itano,' pointin'g out that measurements of electrical resistame might be employed for t h e detection of the end-point in precipitation titrations, suggested t o us t h a t we might titrate syrups with silver nitrate without previous treatment with lead subacetate or alumina cream, using the electrical resistance as indicator in place of potassium chromate. I t was, indeed, found possible to get a definite endpoint in this way-indicated by a break in the curve on the plot of electrical resistance with volume of silver nitrate added: 3 cc. syrup were diluted t o 30 cc. and IV/ j o silver nitrate added from a burette, the electrical resistance being measured with a dip electrode after the addition of each cc. of the reagent. Fifteen genuine syrups gave end-points a t 0 . 2 0 t o 1.9 j cc. silver nitrate. The range of variation is, therefore, too wide t o render the method useful.
Similar experiments were made with N / I O barium nitrate solution. With this reagent, as might be anticipated from the fact t h a t no precipitate is produced, the resistance-volume curves showed no break. The dip electrode used in the above experiments was of one of the common forms made €or use with poor conductor^.^ A new electrode was designed by Mr. T' an Zoeren which can be used for both the conductivity test described in Paper 1 of this series and the volumetric lead subacetate test t o be described in Paper VI. A description of this electrode will be published in the Jourizal of the A m e y i c a n Chemical Society .
I t then occurred t o us t h a t the electrical
The new electrode being larger t h a n t h a t previously used it became necessary t o employ a larger volume of liquid t h a n Mr. MacFarlane had used: 60 cc. were van Suchtelen and Itano, J . Am. Chem. Soc., 36 (1914) , 1793.
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Vol. 8, NO. 2 found t o be a suitable quantity of the diluted syrup for the purpose. Experiments were then made in which the concentration of the syrup and subacetate solutions were varied. The results are shown in Table   11 . The procedure adopted on the basis of these experiments will be described in the next paper. 6-Titration of maple syrup with N,'jo silver nitrate ( I ) directly, using electrical resistance measurements t o detect the end-point, ( 2 ) after treatment with lead subacetate or alumina cream, using potassium chromate as indicator, yielded definite b a t not useful results.
7-Titration with uranyl acetate gave no useful results.
8-Titration with lead subacetate solutions using electrical resistance as indicator led t o a useful method of testing the syrup for purity, which is described in the next paper of the series.
9-A complete anaIysis of the ash of a composite of about sixty genuine syrups shows more chlorine and less phosphoric acid t h a n the analyses previously recorded. FISCHER'S i t r~~~o~-F i s c h e r ,~ however, has modified a n acid digestion method so t h a t it appears t o extract the entire amount of phosphorus. The salient feature of this process is a n intervening ignition between two acid treatments. Briefly the procedure is as follows: j-10 grams of soil are treated with 50 cc. of aqua regia in a covered quartz dish of appropriate capacity. After the action has ceased the cover is removed and the mass evaporated t o dryness. It is then ignited (ostensibly long enough to destroy organic matter) and again treated with aqua regia, evaporated t o dryness and taken up with nitric acid. Fischer claims t h a t the process gives slightly higher results than the fusion method,' though he proves there is a n almost negligible amount of phosphorus left in the insoluble residue. He points out t h a t a larger sample can be conveniently used with his method t h a n with the fusion method, thereby securing a fairer sample of the soil. The author has tested this method on a variety of soils. The samples were well ground a n a mixed so t h a t but one gram was employed in each case. After the second aqua regia treatment, the mass was evaporated once with nitric acid, heated on the hot plate t o browning to dehydrate the silica, then taken up with the requisite amount of nitric acid. The results, and for comparison, those obtained by other methods, are given in Table I. Fair agreement is shown, considering the determina- 4 (1912) , 2501 have shown that aqueous solutions of NaNOs have a strong solvent effect on the phospbomolybdate when vanadium is present. p. 162.
